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Enhancement of the Pneumotoxic Effect
of Cadmium Acetate by lonizing Radiation

in the Rat

by Pencho Salovsky, Veneta Shopova, Violeta
Dancheva, Rusi Marev, and Antoaneta Pandurska’

Experiments involving 120 male Wistar rats were performed to study the effect of treatment with cadmium
acetate and external irradiation. A single (.5 mg/kg body weight dose of cadmium acetate was administered
intratracheally. Shortly thereafter, the animals received a single whole-body exposure to 4 Gy v rays (cesium
source). Findings indicated the chemical elevated enzyme activilies of lactate dehydrogenase (LDH), alkaline
phosphatase (AIP), and acid phosphatase (AP), as well as protein content and percenlage of neutrophils in
bronchoalveolar lavage fluid (BALF); the percentage of alveolar macrophages was sharply reduced. Radiation
alone produced no substantial changes in the parameters investigated. Treatment with both agents comhined
was found to result in a synergistic rise of LDH, AIP, and AI* activities and protein content in BALF, It was
concluded that the BALF biochemical markers used are reliable indicators for identifying the type of
combined effect produced in the lungs by chemical agents and ionizing radiation,.

Introduction

Environmental pollution by toxic substances and the
threat of nuclear power plant accidents of the type in
Chernobyl are inereasing the likelihood of human injuries
from combined exposure to chemical agents and lonizing
radiation, Our knowledge of mechanisms and characteris-
tics of such injuries is fragmentary. Most reports in the
literature have been of in vitre studies, and the biological
effects examined have largely pertained to the topics of
carcinogenesis, mutagenesis, teratogenesis, and cell-
killing rates (7-3). Other studies have modeled combined
injury to tissues as observed in management of malignant
disease with cytostatics and high-level doses of ionizing
radiation (4—7).

Cadmium compounds in general, and cadmium acetate
in particular, are highly toxic environmental pollutants. In
some areas of Eastern Europe, their levels in the environ-
ment are rather high. Acute inhalation exposure to cad-
mium compounds has been experimentally shown to elicit
a lung response proceeding in two phases, with early acute
inflammation followed by development of pulmonary
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fibrosis or emphysema in the regeneration period (8—13).

In the work deseribed here, selected biological effects
were studied in the lungs of rats treated with a combina-
tion of cadmium acetate and ionizing radiation, Tt was the
objective of the experiment to assess lung response hy
measuring sensitive markers in bronchoealveolar lavage
fluid (BALF) and, applying the method of Rothman (24), to
identify the type of the resulting effects.

Materials and Methods

Experimental Animals. A total of 120 male Wistar rats,
4 months old and weighing on average 200 = 20 g at the
beginning of experiments were used. They were dis-
tributed into four treatment groups: group 1, controls;
group 2, 4 Gy radiation; group 3, cadmium acetate; and
group 4, radiation and cadmium acetate.

Cadminm Acetate. A single intratracheal dose of 0.2
ml cadmium acetate in physiologic saline was admin-
istered at 0.5 mg/kg body weight. Control animals were
treated in the same manner with 0.2 mL physiologic saline.

Irradiation. Shortly after cadmium acetate treatment,
single whole-body exposure to 4 Gy v rays from a cesium
unit was given at a dose rate of 0.91 Gy/min.

Bronchoealveolar Lavage. To obtain BALF, animals
under sodium barbiturate anesthesia were killed by
exsanguination. Lungs were lavaged in situ three times
with a total of 5 mL 0,15 M saline heated to 37°C. The
volume of fluid recovered was between 80 and 90% (85% on
average) of the fluid introduced. An aliquot was removed
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and analyzed for total cell counts in a Biirker’s chamber.
The cells were then removed by centrifugation at 300g for
10 min, and the cell pellet was resuspended in 1 mL of
saline. A eytospin preparation of the cells was stained by
the method of Wright-Giemsa and a differential cell count
made. Cytologic parameters were determined on post-
treatment days 1 and 15.

Investigations. Animals were sacrificed on post-
treatment days 1, 5, and 15 to measure the following param-
eters: @) lung weight coefficient (organ weight in mg/100 g
body weight); b) BALF total cell number x 10°/mL, differ-
ential cell count, including alveolar macrophages (AM), lym-
phocytes, and neutrophils (PMN) as a percentage, activity of
the enzymes lactate dehydrogenase (LDH), alkaline phos-
phatase (ALP), and acid phosphatase (AP) by the method of
Bergmeyer (15), and protein amount by the method of Lowry
(16). Enzyme activities are expressed as units/mL. One unit
is defined as 1 nmole substrate converted per minute. Total
protein content is expressed as mg/mL of BALF.

Statistics. Experimental data were statistically treated
by the Student’s {-test (p < 0.05). Concurrently, the type of
the combined effect was quantitatively determined by the
method of Rothman (14). Results are presented in the
tables as mean = SE. Figures show changes as percent-
age versus control levels.

Reagents. The reagents used in biochemical and cyto-
logie investigations were purchased from Fluka Chemie
AG, Switzerland.

Results

Animal mortality to day 15 after sole exposures amounted
to 8% with 4 Gy radiation and 21% with cadmium acetate.
In the case of combined treatment with beth agents (group
4), mortality attained 60.7% (synergistic effect).
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The experimental data on lung weight coefficient and
BALF cytology are summarized in Table 1. The lung-
weight coefficient was increased at the three time points
studied for cadmium alone as well as for cadmium com-
bined with radiation. The increase by combined treatment
(group 4) was of synergistic nature,

Percentages of AM, lymphocytes, and PMN were not
significantly different from controls after exposure to
radiation alone. Cadmium acetate, either alone or com-
bined with radiation, reduced the percentage of AM and of
Iymphocytes and caused a sharp increase in the percent-
age of PMN on day 1 after treatment. By day 15, these
changes were found to be less marked.

The experimental data for BALF biochemistry are
shown in Table 2. LDH activity in BALF remained
unaffected by radiation alone. Cadmium acetate alone or
combined with radiation produced an elevation of LDH
activity at the three time points studied. The group
exposed to both agents combined showed a synergistic
interaction (Fig. 1).

AlP activity in BALF was elevated on day 15 after sole
radiation exposure and on days 1, 5, and 15 after sole
cadmium acetate intake. Both agents combined produced
synergistic elevations of AlP activity on days 1 and 5 (Fig.
2). AP activity in BALF was elevated on day 15 after 4 Gy
irradiation and on days 1 and 15 after cadmium acetate
given alone. Both agents combined caused elevations of
enzyme activity on days 1, 5, and 15, At the first two time
points, the increases were indicative of synergistic interac-
tion (Fig. 3).

BALF protein contents were increased on days 1 and 5
for animals receiving cadmium acetate alone as well as
those treated with both agents combined. Changes in the
combination treatment group (group 4) on days 1 and 5
were synergistic in nature (IFig. 4).

Tahle 1. Effect of separate and combined treatments with cadmium and ionizing radiation on the weight coefficient
of lungs and eytological indices.

Total cell no.
Day after Weight coefficient x 10° mL
treatment of the lungs® BALF AM, % Lymphocytes, % PMN, %
1 Control 673 = 12.6° 102 + 1.8° 91.2 5.2 3.6
4Gy 787 = 81.2 10.9 = 28 925 4.0 35
Cd 1223 + 114.2 113 + 33 11.5 2.0 86.5
Cd + 4Gy 1547 + 166.4* 54 = 0.7* 12.0 25 85.5
5 Control 676 + 18,9 - - - -
4Gy 701 + 36.2 - - - -
cd 1250 = 151.8* - - - B
Cd + 4Gy 1408 + 1178* - - - -
15 Control 606 + 17.0 102 = 1.0 88 8 4.0
4Gy 608 = 39.2 113 18 90 6.5 35
Cd 1103 + 88.9* 1.7+ 26 45.5 11.5 43
Cd + 4Gy 1155 + 126* 106 = 1.0 54 1.0 15

Abbreviations: BALF, bronchoalveolar lavage fluid; AM, alveolar macrophages; PMN, neutrophils.

“Values are mg/100 g body weight.
alues represent means * SE of six animals.
*Different from control at p < 0.05, Student’s {-test.
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Table 2. Effect of separate and combined treatments with Cd and ionizing radiation on the enzyme activities
and total protein content in BALF.?

Day after treatment

1 5 15

Parameter  Control 4Gy Cd Cd+4Gy  Contrel 4Gy Cd Cd+4Gy  Control 4 Gy Cd Cd+4 Gy
LDH, 68+134 7054 176+306 225=131"" 8§2+121 82115 175175 200+288%° 66=120 84+75  97=76° 146+180"
umit/mL

AlP, 204+042 2462045 11.31+124"13712128™ 259038 2612032 459:055° 5172060 3412016 442+0.16 531=039" 5732057
unit/mL

AP, 2232+03 2642004 5362064 64052 248+032 234+024 196+0.19 540+053" 206:015 258+018" 262+038* 334=034"
units/mL

Total 0422004 039+003 213024 27620517 045+004 0412004 0.6720.06" 1122008 036:005 0392002 045+005 0442007
protein,

mg/mL

Abbreviations: LDH, lactate dehydrogenase, AlP, alkaline phosphatase; AP, acid phosphatase,

“The values represent mean = SE of six animals.
:Synergic effect by Rothman’s method (24).
Different from control at p<0.05 by Student’s ¢-test.

Discussion

The study was designed to identity the type of combined
biologieal effects produced in the lungs by concurrent
exposure to cadmium acetate and ionizing radiation. Both
agents were used at a high dosage and synergetically
inereased animal death rate over the observation period,
that is, within 15 days after treatment.

Our findings indicate that intratracheal cadmium ace-
tate administered at 0.5 mg/kg body weight results in
sharp increases in BALF activities of LDH, AIP and AP as
well as in BALF protein contents. Over the period
observed, the enzyme activities studied displayed a similar
pattern of change with time, notably, a large rise over
controls on day 1, and a distinct trend to decline on days 5
and 15.

The lavage fluid parameters we examined are generally
accepted biochemical markers for toxic lung lesions that

have been extensively used in experimental toxicology in
the past 10-15 years. As demonstrated by a number of
investigators, these parameters enable the demonstration
of a cytotoxic effect, from increased membrane per-
meability to frank cell lysis (LDH), impaired or increased
secretion by type-2 pneumocytes (AlP), enhanced pha-
gocytic activity or cell killing (AP), and damage to the
alveolar capillary harrier [protein (17-23)). In the light of
this information, the cadmium acetate dose used in our
experiment apparently caused toxic damage to lung cells
secreting the enzymes studied into broneoalveolar spaces
and increased the permeability of capillary-alveolar mem-
branes. Increases in PMN counts and in the lung-weight
coefficient were evidence of an acute inflammatory process
developing promptly on administration of cadmium ace-
tate. This was the first phase of toxic lung response to
cadmium, which proceeds with massive edema, disruption
of alveolar surfaces, and PMN infiltration (§—16,12).
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Ficure 1. Time-dependent effect of separate and combined treatments with cadmium and ionizing radiation on lactate dehydrogenase (LDH) activity
in bronchoalveolar lavage fluid. Each point is the mean + SE for six rats, expressed as percentage of respective eontrol value. The mean of control group
LDH was hetween 66 and 82 units/mL during the 15-day study peried. ( }4 Gy, (O} CD, ( x ) Cd + 4 Gy. (¥) Significantly different from control at p<0.05
by Student’s t-test, (s) synergic effect by Rothman's method (24
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Ficure 2. Time-dependent effect of separate and combined treatments with cadmium and ionizing radiation on alkakine phosphatase (AIP) activity in
bronchoalveolar lavage fluid. Each point is the mean = SE for six rals, expressed as percentage of respective control value, The mean of control group
AIP was between 2.59 and 3.41 units/mL during the 15-day study period. ( ) 4 Gy, (©) CD, (x) Cd +4 Gy. {*) Significantly different from control at

p<0.05 by Student's {-test, (s) synergic effect by Rothman’s method (24).

With 4 Gy v irradiation alone, no substantial changes
were noted in the parameters investigated. It was not until
day 15 that AIP and AP activities were seen to rise. This is
the time when radiation-damaged tissues regenerate, and
elevation in the levels of the two enzyme markers probably
reflects intensification of metabolic processes in the lungs
(24,25).

Treatment with cadmium acetate and radiation com-
bined resulted in changes that were more pronounced than
in the case of either agent given alone. In group 4 (com-
bination treatment), LDH activity rose over the control
level by 331% on day 1, 243% on day 5, and 221% on day 15,
The elevation significantly exceeded that seen with isola-
ted treatments and, estimated by the method of Rothman
(14), was indicative of synergistic interaction. On days 1
and 5, synergistic increases were also observed for the
remainder of biochemical markers (AlP, AP, and protein).
Additional support for severe lung damage came from
more marked increases in the lung-weight coefficient on

days 1 and 5 and reduction of BALF total cell counts on day
L

Our experimental findings are in agreement with stud-
ies by others on combined lung lesions from exposure to
chemical agents and radiation. In 1980, Haschek et al. (26)
showed that external irradiation with 2 or 4 Gy X-rays
potentiated lung collagen deposition due to butylated
hydroxytoluene, Enhancement of pneumotoxicity has been
reported for simultaneous treatment with some eytosta-
tics (cyclophosphamide, bleomycin, ete.) and ionizing radi-
ation (4—7)

This work was not aimed at disclosing mechanisms
underlying synergistic lung damage, and these mecha-
nisms remain unclear. Possibly, combined treatment
increases the severity of damage to the organ by intensify-
ing lipid peroxidation in lung parenchyma. This is sug-
gested by the fact that both agents are known to generate
active oxygen species, an effect that would be expected to
be enhanced in the case of combined treatment (27-29).
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Figure 3. Time-dependent effect of separate and combined treatments with cadmium and ionizing radiation on acid phogphatase (AP) activity in
bronchoalveolar lavage fluid. Each point is the mean = SE for six rats, expressed as percentage of respective control value. The mean of contrel group
AP was between 2.06 and 2.42 units/mL during the 15-day study period. ( }4Gy. (O)CD, ( x) Cd + 4 Gy. (*) Significantly different from control at p<0.05

by Student’s t-test, (s) syrergic effect by Rothman's method (24).
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Ficurr 4. Time-dependent eftect of separate and combined treatments with cadmium and ionizing radiation on total protein content inbronchoalveolar
tavage fluid. Each point is the mean * SE for six vats, expressed as percentage of respective eontrol value. The mean of control group total protein
content was betwesn (.36 and 0.46 mg/mL during the 15-day study period. ( )} 4 Gy, (O) CD, (%) Cd +4 Gy. (*) Significantly different from control at

p<0.05 by Student’s {-test, (8) synergic effect by Rothman's method (£4).

In conclusion, it may be stated that external whole-body
4 Gy irradiation was observed to potentiate a number of
toxic cadmium acetate effects in the lungs. The BALF
hiochemical markers, LDH, AlP, AP, and protein, appear
to be reliable indicators for identifying the type of lung
response to chemical agents and radiation combined and
can serve as valuable tools in exploring this area of
environmental medicine.
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